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NASA GROUND BASED TIMING SYSTEMS

YASA  SATELLITE LASER RANGIW2 (NSLR)

W’T’WORI’K Nmsm?l mvmlmo?’w SUITWR.T (NMOS)Au

KENNEDY SPACE CENTER (KSC)

VERY LONG BASELINE INTERFERO.METRY (W/BI)

TRAC:KIXG DATA RELAI
GROUND TERYIINAI

DEEP SPACE NETWORK

SATELLTIZ SYSTEM cTDRSS~/
NETWOiiK ‘ ‘

[DSN)



NASA SATELLITE LASER RANGING
(MLR)

CENTIMETER RAYGIYG ACCURACY PERM17TNG  ESTIMATES OF EARTH’S INTERYAL MASS
DISTRIBUTION AND GLOBAL GEODESY

9 EARTH ORBITNG SATELLITES

GROUND TERMIXALS:

● 4 FIXED, 4 TRAA3PORTABLE

e LOCATI03S  0S ALL COXTIYEYTS EXCE?T ?“TARCTICA

COYFIGU?ATIOS’

● CESKM  EEA.M FREQUE3”CY STzKYDARD

● TIME CODE GEXERATOR

● TIME BASE FOR RAXGIXG TI.ME IXTERVAL COL?WER

TI.ME OFFSE~ c 1 /.LSEC TO UTC (USNO), REDUCED TO .5 pSEC .MAXI.MUM  DURING POST
PROCESSING

REFERENCE GPS-DIRECT

RJWGIXG. TI.ME, & PERTNEXT DATA FORWARDED DAILY FOR DATA REDUCTIOX
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CESIUM  BEAM
FREQUENCY STANDARD
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SINGLE SIDEBAND PHASE NOISE
A 1 Hz BANDWIDTH AT 5 MHz
SOURCE: HP 5061 CES[UM  BEAM
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XETWORK .MISSION OPERATIONS SUPPORT
(WIOs)

EASTERY TEST RAYGE LAUXCH SUPPORT& RAXGE SAFETY

4 LOCATIONS: BERMUDA, MEIUUI’T IST.A.YD lij?.:NCH AREA, WALLOPS ISLAND, DAKAR

CESILM BEA.M FREQUENCY STAYDARD

TRIPLE REDLXDiiNT CLOCK (EXCEPT DAKAR)

SYSCHROXIZATIOX

● TI.ME OFFSET LESS THA.Y 5 /LSEC OF UK
● ~~s ~IREcT - E$AKAR
● LORAN-C - -MILA,  WALLOPS, & BERMUDA
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KENNEDY SPACE CENTER
(KSc)

● LAC’YCH SUPPORT FOR XASA YHSSIOYS LYD SPACE SEWITLE

e TWO CEYTRALU2ED SEPARATE SYSTEMS FOR MULTIPLE LAtXCH PAD USERS
.MCLTIPLE IXDVSTRIAL USERS

● TRIPLE REDUXDNNT  CLOCK USING SOLTRCES FOR EACH CLOCK

. CESICM BEA.M FREQUENCY STANDARD

. LORAY C DISCIPLINED OSCILLATOR RECEIVER

GPS DISCIPLINED OSCILLATOR RECEIVER

● EASTERY TEST IWYGE IRIG B

● .MONTOR IXTERCO.MPARISOX OF 4 CLOCKS 1 PPS

● CEYIXAIJZED CLOCK OFFSET c 1 /.d3EC VS. UTC (LX5XO)

● LAUNCH PAD OFFSET LESS THAN 1 mSEC VS. CEXTRAL CLOCK
. NO DISTRIBUTION DELAY CORRECTION

● IXDUSTIUAL USERS: SAYIE AS LACXCH I?A.DS



VERY LONG BASELINE INTERFEROMETRY
(YLBI)

@ SPACE GEODESY PROGRAM MOTIOX L731XG QVASARS FOR 31EASLTUYG TECTOYIC
PLATE MOTIOX

● TRANSPORTABLE VAN IY 3MXY COt2WRIES

● “XR” KYDROGEX  .MASERS

● TI.ME OFFSET LESS THAN 13 pSEC VS. VTC, GOAL OF lpSEC

● TI.ME REFEREYCE - GPS DIRECT
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TRACKING DATA RELAY SATELLITE SYSTE.M
(Tress)

GROUND TERMIXAL NETWORK

GROUND SUPPORT FOR THE TDRSS SATELLITES

WHITE SANDS, NEW MEXICO
YASA GROLXD TERWIXAL (XGT)
SECOND TRACKING GROUND TERMINAL (STGT)

YGT STGT

FREQUENCY 2 CESIU.M 2 CESIL31 +
2 DISCIPL13-ED  OSC.

CLOCIC ~p~~ DTAL
REDLNDAYT REDCYDiVYT

TI.YIE OFFSET LESS THAN 1 /uSEC VS. UTC

TX.ME REFEREYCE - GPS DIRECT

FUTURE

● STGT OPERATIONAL LATE 1994

● YGT PLAXNED TO BE REFI.X?BISHED  IX 1995

. HP 5071 CESILT.M BEA.M FREQUENCY STANDARDS
DCTAL .RE.DVYDAYT CLOCK
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DEEP SPACE NETWORK
(DSX)

SUPPORT FOR DEEP SPACE MISSIONS

● VLBI, RADIO SCIENCE, PIANET .MAPPIYG, PHOTOGRAPHS

SL??PORT FOR ~ A n~ UTP u ‘RBITIXG  SPACZCRM!i!u’ ..%...  AAAflAL UL

3 GLOBAL LOCATION%

EQLIP.MEYT

● FREQUE3CY STAYDARDS: 2 HYDROGEN’ MASERS, 2 CESINI BEAM

● AXTEYXA REFEREXCE Distribution. 100 .MHZ VIA FIBER-OPTICS

● TXMNG. TRIPLE REDLND&XT CLOCK
TCT DISTRIBCTIOS’ IX VSERS CABINET

● SYNTCHROYIZATIOX  GPS COMMOY FTHIW - BIPM SCHEDULE

PERFORWYCE
TIMIYG

OFFSET BETWEEN THE 3 COMPLEXES: <3 /.LSEC (30)
ICYOWLEDGE BETWEEN’ GOLDSTOXE  & XEYE <~o nfjEC (’.)
ICNOWLEI?GE  BETWEEN THE 3 CO.YIPLEXES: <SO nsEC (l.)
PULSE JITTER <2 nSEC (la)
TCT OFFSET VS. .MASTER CLOCK <50 nSEC

FREQUENCY

< 6E-13 (30)
<3E.13
c3E-13



DEEP SPACE NETWORK (continued)

s FCTLRE I.MPROVE.MENTS

● TRAPPED MERCURY ION FREQUEXCY ST.KSDARD
● SUPER COXDUCTIXG CAVITY MASER OSCILLATOR
● FIBER-OPTIC DISTRIBUTION TO 5 NEW AN33XXAS
● CASSIYI REQtXRE.MEXTS
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